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Abstractf 



The Biagnetization reversal of thin films (^^ 1000 A thiek) of 
8Q<»20 PerraaUqy has been studied in a strip transBdssion 
lija©o These films are evaporated onto a heated glass substrate 
in the presence of an orienting field© Magnetization reversal 
along the axis of initial orientation takes place in times 
less than 20 mjisec in any reversing field large enough to 
overcome the orienting energy© The switching coefficient S 
is defined by S ^ H_t^ nith t the reversal time and H the ^ ^ 
reversal field* The experiment gives H « 1 ©e« and t< 2 x 10 
seconds from ufaich S < 2 x 10"^ ©eo-sec« Reversal by rotation 
of the imgnetisation^as a whole in the plane of the film 
yields a model which is consistent with the observed r ever sad. 
timeso Prelljrinary measurements of the initial permeability 
perpendicular t© the orientation axis have been carried out 
to 200b me and do not yet reveal the expected frequency 
dispersion of the initial permeability© This is an indication 
that S may be another order of magnitude smaller than reported 
here© ^ 
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LETTER TO THI EDITCR 
Kagnetizatlon Beversal in Thin Films 
The preparation and laagnetie properties of thin films 







(^1000 A thick) of vacutim-evaporated 80-20 ypBrmalloy have been reported 
by BloiSa When the film is deposited on a heated glass substrate 
(mieroscope slide) in the presence of an external magnetic field in the 
plane of the f ilm^ the film develops a preferred magnetic axis in the 
field direction^ becoming a single domain oriented in this direction^ 

If the uniaxial anisotrqpj energy in the plane of the film is 

■ 2 o 

described by S^" K sin &, then sinple theory predicts that for a 18© 

reversing field > 2K/H^ where M is the magnetization^ the film should re- 
verse its magnetization by rotation of the entire domain vithin the plane 
of the film* this vill be realized esqperimentally if the anisotropy 
energy is small eonpared to the energy required to create walls $ alterna- 
tively^ since rotation reversal is expected to be much faster than wall 
reversal^ if a reversing field yZK/H is applied with a rise time short 
compared to times required for walls to fotn^and move^ rotation reversal 
will be esQdeeted to occur e 

The switching coefficient S has been defined by Heny^ and 

. 'W 

o 

Qoodenough by the eacpression (^- H ,) t ■ SL* with E^ the reversing 



field. H a threshold field for irreversible flux change (2K/H for rota- 
o 

tion reversal) j and 'v the reversal time* S„ for thin tapes of Ho<-permall^ 
has an experimental value of 5 z 10 ' oe*«8ee« The theoretical esqpres- 
sion for SL gives S^§, vX » with (7 a wall thickness and d the distance 
this wall moves during reversal o For Ho-permaUoy^ the theory plus the 
experimental value of $„ give d/£ f^ iOOc If reversal takes place by 
rotation as a single domain^ we set d/S ■ 1, leading to S ^10 oe«>seco 
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The siritching coefficients for 80-20 penaalloy films as 

reported by Blois are not mach different from those for Mo-peraially tapes 

3 
as reported by Menyuk and Goodenough| ho^ever^ Conger raeaeured the 

coinponent of magnetization in the plane of the 8G-2G penaalloy films 

dxiring reversal and obtained results which seemed to indicate that the 

reversal was actually taking place by rotation© In an atteispt to resolve. 

contradictory results^ the reversal of a film made as described by Blois 

has been studied in the apparatus shown schematically in Figo lo The 

drive pulse has a rise time of Impsec and is generated by discharging a 

coaxial line through a mercury relay « In order to provide for an H^field 

with plane geometry^ the pulse is sent doim a strip transmission line 

which is terminated to avoid reflectionso A pulse to reset the film 

after reversal liy the fast-rise-time drive pulse is provided by a sinple 

capacitor discharge througl^ a second mercury relay© The pick-up loop is 

balanced to eliminate air coupling as shown in Fig« 1| the film is placed 

in one arm of the loop with the magnetic axis along the normal to the 

loop and crosswise in the strip line© Typical film dimensions are 1 sq« 

o 
cmo by 2000 A thick© The voltage from the pick-up loop is displayed on 

an oscilloscope having a rise time of approximately 20 miisec© 

For drive fields less than a critical value H there is n© 

switching pulse from the f ilm§ for any field > H the film switches in 

a time < 20 mixsee^ as shown by the fact that the switch pulses have the 

same character as pulses due to imbalance in the air coupling of the two 

arms of the pick«*up loop^ with a duration determined entirely by the rise 

time of the viewing scope© The switch pulse amplitude varies linearly 

with drive pul»#s > H s however^ the ^parent time of reversal does not 

change proportionally with increased drive ^ due to the response liadta«=> 
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tion of the vieidjig equipiaento 

In order to define a switching coefficient which can describe 

these e3cperiiaental results we note that the first half of a rotation 

process is opposed by an effective anisotropy field of 2K/i4^ and in the 

second half it is aided by the sasie fields Hence the average H in the 

definition of S is zero « and we set H t « S © Since reversal first 
w m w 

©ccars for H ® 1 oe^ we have from the experimental data S ^ 2 x 10 oe«-sec< 
m ^ w 

Since faster scopes are not available at present^ the ultiiaate 
speed of a rotation reversal can only be estisiated by examining the 
frequency dependence of the initial permeability in the direction perpen- 
dicmlar to the magnetic axis| this permeability is due almost entirely 

to domain rotatione Using the same apparatus^ bmt with sine wave excita« 

o 
tion and heterodyne detection and rotating the film by 9© ^ the perraea<» 

bility has been studied out to 2©0© mc^ lEf)r©vem8nts in the apparatus 
are being made in order to obtain accurate data at higher frequencies^ 
but the relaxation of the permeability with frequency is by no means 
eoE^lete at 20G0 ms^ indicating that the reversal time by domain rotation 
can be es^ected to be one ©r two orders of magnitude faster than 20 ^sec© 
This is in agreement with the previous estimate for the switching 
coefficient <> 

These preliminary results suggest that in this experiment 
magnetic reversal is taking place by doBiain rotation as evidenced by the 
speed of the reversal© It is to be e3q)ected that under different experi- 
mental conditions reversal can take place by waH motion^ or by a combiaa» 

tion of wall motion and rotation leading to slow reversal times© That 

li 
walls can exist in these films has been shown by FowleF and Fiyer© Walls 

will be expected to contribute to the switching in several different 

experimental situations^ e<»go 






(a) if the A^i^m field i® mot imiform ever the area of the 

f iljA^ 

(b) if the riee time and dmmtion of 1^e drive ptilse are long 
enmigh that imlls can f erm and move in fields lees than 
the eritieal one for doiaain rotationo 
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